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(57) ABSTRACT

A semiconductor device capable of preventing a bridge gen-
eration during performing an etching process to form a plu-
rality of gate structures on a substrate divided into an active
region and a field region and an electrical short between a
contact plug and the individual gate structure in the field
region and a method for fabricating the same are provided.
The semiconductor device includes: a substrate provided with
an active region and a field region; a field oxide layer formed
in the field region 1n such a way that the field oxide layer 1s
recessed to be lower than a surface of the substrate disposed
in the active region; and a plurality of gate structures formed
on the field oxide layer and the substrate in the active region.

3 Claims, 4 Drawing Sheets
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SEMICONDUCTOR DEVICE AND METHOD
FOR FABRICATING THE SAME

The present patent application 1s a Divisional of applica-
tion Ser. No. 11/262,222, filed Oct. 28, 2005 now U.S. Pat.

No. 7,199,013.
FIELD OF THE INVENTION

The present mvention relates to a semiconductor device
and a method for fabricating the same; and more particularly,
to a semiconductor device formed on a substrate provided
with a field region and an active region and a method for
fabricating the same.

DESCRIPTION OF RELATED ARTS

For a typical method for fabricating a semiconductor
device, afield oxide layer or a device 1solation layer 1s formed
to divide a substrate into an active region and a field region.
The field oxide layer 1s formed 1n a manner to have a different
height from that of a substrate disposed 1n the active region.
Accordingly, when a plurality of gate structures are formed
on the substrate divided into the active region and the field
region, the gate structures formed on the field oxide layer are
formed more projected than the gate structures formed on the
substrate 1n the active region. The projected gate structures
tformed on the field oxide layer cause a bridge and an electri-
cal short between the individual gate structures and a contact
plug supposed to be formed through a subsequent process.

FIG. 1 1s a cross-sectional view illustrating a semiconduc-
tor device fabricated through a conventional fabrication
method.

First, a gate oxide layer 12, a gate conductive layer 13 and
a hard mask layer 14 are sequentially deposited on a substrate
10 provided with a plurality of field oxide layers 11. After-
wards, an etching process 1s performed, thereby forming a
plurality of gate structures 15 on the substrate 10 divided 1nto
an active region A and a plurality of field regions B.

However, during performing the etching process, the con-
ductive layer 13 formed on portions of the substrate 10 in the
field regions B, 1.e., on the field oxide layers 11, remain as
remnants due to a height difference between a portion of the
substrate 10 1n the active region A and that of the substrate 10
in the individual field region B. A reference denotation C
indicates the remnants of the conductive layer 13. Accord-
ingly, the remnants become a factor for generating a bridge
and 1n case of performing an excessive etching process to
remove these remnants, a bottom portion of the substrate 10
can be damaged.

Subsequently, an insulation layer 1s formed over on the gate
structures 15 and then etched to form a plurality of spacers 16
on sidewalls of the gate structures 15. Then, an 1nter-layer
insulation layer 17 1s formed over the above resulting struc-
ture. Afterwards, an etching process 1s performed to expose
the substrate 10 1n the active region A, so that the inter-layer
insulation layer 17 remains only on the filed oxide layers 11.

Subsequently, a contact plug 18 1s formed by depositing a
conductive material such as polysilicon on the exposed sub-
strate 10 1n the active region A and filling gaps between the
gate structures 15 1n the active region A. At this time, the gate
conductive layer 13 remaining as the remnants C as described
above may induce an electric short with the contact plug 18.

SUMMARY OF THE INVENTION

It 1s, therefore, an object of the present invention to provide
a semiconductor device capable of preventing a bridge gen-
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2

eration during performing an etching process to form a plu-
rality of gate structures on a substrate divided into an active
region and a field region and an electrical short between a
contact plug and the individual gate structure in the field
region and a method for fabricating the same.

In accordance with one aspect of the present 1nvention,
there 1s provided a semiconductor device, including: a sub-
strate provided with an active region and a field region; a field
oxide layer formed 1n the field region 1n such a way that the
field oxide layer 1s recessed to be lower than a surface of the
substrate in the active region; and a plurality of gate structures
formed on the field oxide layer and the substrate in the active
region.

In accordance with another aspect of the present invention,
there 1s provided a method for fabricating a semiconductor
device, including: preparing a substrate provided with an
active region and a field region by forming a field oxide layer;
recessing the field oxide layer such that a top surface of the
field oxide layer 1s lower than that of the substrate in the active
region; forming a plurality of gate structures on the substrate
including the recessed field oxide layer and the active region;
and 1solating the plurality of gate structures from each other
by depositing an inter-layer insulation layer on a resulted
structure provided with the plurality of gate electrodes.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects and features of the present
invention will become better understood with respect to the
following description of the preferred embodiments given 1n
conjunction with the accompanying drawings, 1n which:

FIG. 1 1s a cross-sectional view 1llustrating a semiconduc-
tor device fabricated by using a conventional method;

FIG. 2 1s a cross-sectional view 1llustrating a semiconduc-
tor device 1n accordance with an embodiment of the present
invention; and

FIGS. 3A to 3C are cross-sectional views 1llustrating a
method for fabricating a semiconductor device 1n accordance
with the embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Heremaftter, detailled descriptions of preferred embodi-
ments of the present invention will be provided with reference
to the accompanying drawings.

FIG. 2 1s a cross-sectional view illustrating a semiconduc-
tor device 1n accordance with an embodiment of the present
invention.

As shown 1n FIG. 2, the semiconductor device includes: a
substrate 110 divided into an active region A and field regions
B; a plurality of field oxide layers 111 formed 1n portions of
the substrate 110 disposed 1n the field regions B and recessed
in a predetermined depth H to be lower than a surface of the
substrate 110 disposed 1n the active region A; a plurality of
gate structures 115 formed on the substrate 110 in the active
region A and on the field oxide layers 111; and a plurality of
spacers 116 formed on sidewalls of the plurality of gate struc-
tures 113.

Furthermore, the above semiconductor device further
includes: patterned inter-layer insulation layers 117 formed
on the recessed field oxide layers 111 1n a manner to cover the
plurality of gate structures 1135 disposed on the field oxide
layers 111; and a contact plug 118 formed on the substrate
110 covering the plurality of gate structures 115 1n the active
region A.

At this time, each of the plurality of gate structures 115
includes a patterned gate oxide layer 112, a patterned gate
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conductive layer 113 and a hard mask 114. Although not
illustrated, the patterned gate conductive layer 113 can be
formed by stacking a tungsten layer or a tungsten silicide
layer on a polysilicon layer.

FIGS. 3A to 3C are cross-sectional views illustrating a
method for fabricating a semiconductor device 1n accordance
with the specific embodiment of the present imvention.
Herein, reference numerals used throughout FIGS. 3A to 3C
indicate the 1dentical constitution elements serving the 1den-
tical roles.

As shown 1 FIG. 3A, trenches (not shown) are formed
through a shallow trench 1solation (ST1) process 1n predeter-
mined regions of a substrate 210. Then, a high density plasma
(HDP) oxide layer filling the trenches 1s deposited. Thus, a
plurality of field oxide layers 211 dividing the substrate 210
into an active region A and field regions B are formed.

Subsequently, a wet cleaning process 1s performed on cer-
tain portions of the substrate 210, whereby the field oxide
layers 211 are recessed lower than a surface of the substrate
210 1n the active region A, 1.¢., 1n a thickness ranging from
approximately 150 A to approximately 600 A. At this time,
the wet cleaning process 1s carried out by using a fluorine-
based cleaning solution diluted 1n a ratio of approximately 1
of a fluorine-based solution to approximately 100 parts to
approximately 1,000 parts of deoxidized water.

Also, adry cleaning process can be performed to recess the
field oxaide layers 211. Herein, the dry cleaning process uses
one of CF,, O,, N,H, and Ar.

Subsequently, although not illustrated, a gate oxide layer, a
gate conductive layer and a hard mask layer are sequentially
deposited on the substrate 210 including the recessed field
oxide layers 211. Then, the hard mask layer, the gate conduc-
tive layer and the gate oxide layer are sequentially etched,
thereby forming a plurality of gate structures 213. Each of the
gate structures 215 includes a patterned gate oxide layer 212,
a patterned gate conductive layer 213 and a gate hard mask
layer 214. During performing the etching process, 1t 1s pos-
sible to overcome a limitation that the patterned gate conduc-
tive layer 213 remains as remnants commonly produced when
employing the conventional semiconductor device fabrica-
tion method due to the field oxide layers 211 that were pre-
viously recessed to be lower than the surface of the substrate
210 1n the active region A.

Referring to FIG. 3B, an msulation layer (not shown) 1s
deposited over the gate structures 215 and etched, thereby
forming spacers 216 on sidewalls of the gate structures 215.

Subsequently, an inter-layer isulation layer 217 1s depos-
ited on the above resulting structure and thus, the plurality of
gate structures 215 are electrically 1solated. A contact mask
218 1s formed on the inter-layer mnsulation layer 217 through
using a photoresist pattern (not shown), which opens contact
regions. At this time, the inter-layer insulation layer 217 1s
formed by using an oxide-based layer. For instance, the
oxide-based layer selected from a group consisting of a high
density plasma (HDP) oxide layer, a borophosphosilicate
glass (BSG) layer, a phosphosilicate glass (PSG) layer, a
plasma enhanced tetracthylorthosilicate (PETEOS) layer, an
undoped silicate glass (USG) layer, a fluorinated silicate glass
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(FSG) layer, a carbon doped oxide (CDO) layer, and an
organo silicate glass (OSG) layer can be used. In addition, an
oxide-based layer having good fluidity can be used to form
the inter-layer insulation layer 217.

Subsequently, as shown 1n FIG. 3C, a self-aligned contact
(SAC) etching process using the contact mask 218 1s per-
formed to etch the inter-layer insulation layer 217. Thus, the
active region A of the substrate 210 1s exposed.

Subsequently, the contact mask 218 1s removed by per-
forming a strip process. Alterwards, although not shown, a
conductive layer 1s formed on the above mentioned exposed
substrate 210, filling gaps between the gate structures 2135 1n
the active region A and then, the conductive layer 1s pla-
narized at the same level as the inter-layer insulation layer
217. As aresult, a contact plug connecting the substrate 210 1n
the active region A with upper metal layers, which will be
formed later, 1s formed.

As described above, 1 accordance with the specific
embodiment of the present invention, field oxide layers are
formed by being recessed in a predetermined depth through a
wet cleaning process and then, a plurality of gate electrodes
are formed on the recessed field oxide layers. Thus, during
performing an etching process to form the gate structures, 1t 1s
possible to overcome a typically observed limitation 1n that a
gate conductive layer remains as remnants.

Accordingly, it 1s possible to prevent a bridge generation
and an electrical short between a contact plug formed through
a subsequent process and the gate structures formed on the
field oxade layers. Furthermore, there 1s an effect of increas-
ing vields of semiconductor device.

The present application contains subject matter related to
the Korean patent application No. KR 2004-0115287, filed in
the Korean Patent Office on Dec. 29, 2004, the entire contents
of which being incorporated herein by reference.

While the present mmvention has been described with
respect to certain preferred embodiments, 1t will be apparent
to those skilled 1n the art that various changes and modifica-
tions may be made without departing from the spirit and
scope of the invention as defined in the following claims.

What 1s claimed 1s:

1. A semiconductor device, comprising;:

a substrate provided with an active region and a field
region;

a field oxide layer formed 1n the field region 1n such a way
that the field oxide layer 1s recessed to be lower than a
surface of the substrate in the active region; and

a plurality of gate structures formed on the field oxide layer
and the substrate in the active region,

wherein the field oxide layer has a top surface at a center
lower than that at an edge.

2. The semiconductor device of claim 1, wherein the field
oxide layer 1s recessed 1n a thickness ranging from approxi-
mately 150 A to approximately 600 A.

3. The semiconductor device of claim 1, wherein the plu-
rality of gate structures 1s formed by stacking a tungsten layer,
a tungsten silicide layer or both on a polysilicon layer.
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